ABSTRACT -The goal of this study was to evaluate yield and net return of a maize crop fertilized with different rates of conventional mineral fertilizer and cattle manure. The CSM-CERES-Maize model was used to simulate the nitrogen (N) fertilization management scenarios. Twelve treatments were simulated as follows: T1, T2 and T3 were, rates of 90, 130 and 160 kg ha -1 of N as conventional fertilizer, respectively; T4a, T4b and T4c were 4.5 t ha 
In Brazil, it is considered a family farm the establishment that abide for the following requirements: does not hold, in any capacity, a land area larger than four fiscal modules; use mostly hand labor of his own family in the farm´s activities; the family income comes predominantly from the farms economic activities; manage the business with his own family (IBGE, 2006) .
Maize is cultivated in about 55% of the Brazilian family farms (Novo, 2000) , but in most cases has a low yield mainly due to the use of a low level of technology. Fertilization has been considered the most limiting factor for increasing maize yield (Bull, 1993) . Maize is very responsive to nitrogen fertilization (Bortolini et al., 2001 ) which is, however, the main factor that increases maize production costs (Silva et al., 2005) .
Manure constitutes a source of nutrients for plants and can contribute to reduce maize production costs. Availability of this product has increased in Brazil with the intensification of animal production in confined systems (Assmann et al., 2007) . In addition, it provides an opportunity for properly disposing of potential contaminant waste. Handling manure is much more complicated than handling mineral fertilizer. However, with the increasing cost of energy and mineral fertilizers there is a renewed interest in using manure as a source of nutrients to plants (Schröder, 2005) . Considering the economic aspects, applying dairy cattle slurry at an average rate of 180 kg N ha -1 per year and adding 90 kg ha -1 of inorganic N per year resulted in an economic optimum fertilization for silage maize in Belgium.
Field trials have indicated the successful utilization of cattle manure for maize production (Silva et al., 2004; Gomes et al., 2005) . A family dairy cattle operation under Brazilian conditions with 15 cows generates sufficient manure to produce 10 to 11 tons of organic compounds per month, consisting of a mixture of 40% of solid manure, 57% of plant debris and straws and 3% by weight of natural phosphate (Konzen, 1999) . According to Kiehl (1985) , the average nitrogen (N), phosphorus (P 2 O 5 ) and potash (K 2 O) content in dry cattle manure is 19.2, 10.1 and 16.2 kg t -1 , respectively.
Crop simulation models can be highly efficient tools to investigate the effects and interactions of cattle manure with different crop management strategies. The Cropping System Model (CSM)-CERES-Maize is one of the models that have been used by researchers in different parts of the world, for a wide range of applications (Jones et al., 2003; Soler et al, 2007; Hoogenboom et al., 2009 ).
Among other processes, the model can simulate the turnover of soil organic matter and the decay of crop residues with the associated mineralization and, or immobilization of nitrogen, in addition to estimate nitrification of ammonium and nitrogen losses related to the denitrification processes (Godwin & Singh, 1998) . Long-term simulations using historical series of weather data allow the evaluation of the effect of interannual climate variability on crop performance.
Data on yield and net return for a farm or production system are generated. The CSM-CERES-Maize model was successfully applied to evaluate the effect of management and continued use of manure on organic N content, mineralization, maize uptake and leaching (Hoffmann & Ritchie, 1993) . A system called Animal
Waste Management Program (AWMP) was linked to CERES-Maize and used to evaluate the effect of different scenarios of manure management on yield, uptake and leaching of nitrogen and organic matter decomposition (Shayya et al., 1993) .
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The goal of this study was to evaluate the combined effect of weather variability and production costs and prices fluctuations on maize yield and net return for different rates of conventional mineral fertilizer (MF) and cattle manure (CM) for the Central Minas Gerais State, Brazil.
Materials and Methods
The studies were performed with the Crop Simulation Model (CSM)-CERES-Maize, one of the models of the Decision Support System for Agrotechnology Transfer (DSSAT), version 4.5 (Hoogenboom et al., 2009 ). The tool was used to simulate maize yield and net return for different scenarios of fertilization management with conventional mineral fertilizer and cattle manure as a nitrogen source.
Cultivar coefficients, as described in the model´s cultivar file, for the single-cross maize hybrid, BRS 1030, had been previously calibrated (Santana et al., 2010) . The adjusted values for maize genetic coefficients P1, P2, P5, G2, G3 and PHINT (Jones et al., 2003 (Jones et al., ), were 263.80, 0.50, 1034 . A series of 49 years of daily weather records, starting in 1960, containing data for precipitation, minimum and maximum air temperature and sunshine hours, was used as input in the model. It was also considered in the simulations the average attribute values for a Very Clayey Red Oxisol (Panoso et al., 2002) that represents a typical soil profile of the Brazilian Cerrado ecosystem (Table 1) .
Since the simulations were set to start in July 24 th , a very dry season in Southeastern Brazil, it was assumed that the initial soil-water content was close to the lower limit of available water. Since the soil under Cerrado vegetation has an average of 2.5% of Since simulations started in July 24 of each year, it was assumed that the soil initial water content was close to its lower limit of available water.
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Recalculations done by the model assuming that the soil was capable of supplying 50 kg ha -1 of N.
Simulated sowing date was considered
October 24 . The simulations were set to start at three months prior to sowing, so that the model simulated the soil water and nitrogen balance for a fallow soil in order to estimate more realistically the soil water content at planting.
To determine the yield and net return of maize for different fertilizer management options, 12 different treatments were planned (Table 3) . For the CM treatments it was assumed that the manure was broadcast on the soil surface and supplemented with 250 kg ha -1 of single super phosphate (SSP), banded at a depth of 8 cm, both at sowing. Although cattle manure includes phosphorus that meets maize crop needs, about ¾ of its content is in a form not readily usable by plants (Cassol et al., 2001) , requiring supplementation with a more soluble source of phosphorus. Cattle manure rates for treatments T4, T5 and T6 were determined as to have equivalence, with respect to nitrogen, with conventional mineral fertilization. For simulation purposes, the average nitrogen content of cattle manure was assumed to be 20 kg t -1 (Oliveira et al., 2004) . The model was set to use the Godwin & Singh (1998) For net return analysis, a maize crop production cost spreadsheet, developed by the Minas Gerais State Extension Service, Emater-MG, was adapted to account for the higher technology production system that was employed.
It was considered that even for family farms an improved production technology system would be recommended, including soil correction with dolomitic lime every three years and technical assistance to aid family farmers for implementing this production system.
The quantities of the supplies and services with associated minimum, mode and maximum costs were used to compute the basic production costs, which were common to all treatments (Table   4 ). The minimum, mode and maximum costs of the mineral fertilizer components, nitrogen (N), phosphorus (P 2 O 5 ) and potash (K 2 O), as well as, the price of maize grain are shown in T1   T2   T3   T4a   T4b   T4c   T5a   T5b   T5c   T6a   T6b   T6c Mineral Fertilizer
Air-dried cattle manure Cost of Cattle Manure Rates used and costs of cattle manure were described in the Table 3 ; rates and costs of mineral fertilizer were described in Table 3 and  Table 5 . program of DSSAT. Additionally, the production costs, as shown in tables 4 and 5, and the cattle manure costs were combined to generate the final production costs for maize computed as minimum, mode and maximum for each treatment as shown in Table 6 . These results were analyzed in terms of technical and economic feasibility for a maize production system in the Central region of Minas Gerais State, Brazil.
Results and Discussion
There was a great variability in grain yield, For treatments using cattle manure, the maize yield was lower, as compared to their counterparts using conventional mineral fertilizers. This is because the model considers the dynamics of soil organic (Godwin & Singh, 1998) .
For treatment T3, in 25% of the years or one in every four years, the maize yield varied from 1,486 to 4,948 kg ha -1 . Likewise for 25% of the years, yield varied from 6,523 to 7,638 kg ha -1 . In other words, there is a 50% chance that a farmer obtains either the lowest or the highest yield for any given year. In 50% of the years or every other year, yield varied from 4,948 to 6,523 kg ha -1 . For T6, in 25% of the years maize yield . These figures are lower than the 4,812 kg ha -1 simulated yield obtained with low nitrogen input treatment, T1, pointing out that there is room for maize yield improvement by simply using appropriate management practices, including higher fertilizer rates.
The treatments with similar high nitrogen rates,
i.e., T3 and T6, also had the highest average yield of 5,680 and 5,511 kg ha Gomes et al. (2005) found that yield increased linearly with rates of 0, 10, 20 and 40 m 3 ha -1 of cattle manure when they evaluated the effect of organic and mineral fertilizers on maize production in Coimbra, MG, Brazil, during the 1990 /1992 and 1991 /1992 cropping seasons. There was also an increase in yield with higher rates of mineral fertilizer. Yield was 25% and 43% higher for 250 and 500 kg ha -1 of the formula 4-14-8, respectively, compared to the control treatment without mineral fertilizer. Gomes et al. (2005) also noticed that the use of organic compound at a rate of 40 m 3 ha -1 showed similar yield as the treatment that used 500 kg ha -1 of the 4-14-8 formula.
We also found that a higher nitrogen rate, independent of the source of N, increased the interannual variability, expressed by the higher simulated yield variance (Figure 2 ). In years with favorable weather, the crop responded to higher nitrogen levels, producing higher yields. With low nitrogen rates, even in favorable years, the maize hybrid did not develop its genetic potential, resulting in large amplitude between maximum and minimum simulated yield. A large variability of maize response to nitrogen fertilization as a consequence of weather instability was observed in long-term field trials that tested different combinations and rates of mineral fertilizer, manure and stover in China (Wang et al., 2010) and also in a study carried out with CERESMaize model in Africa (Jagtap et al., 1999) .
As might be expected, the optimum economic results were different from the optimum yield levels Figure 3 ). Given the high weather variability in the region, the simulations indicated that if no weather forecast is available, it is preferable for a farmer to use a lower nitrogen rate to secure even a minimal profit.
When using cattle manure (CM) as fertilizer, a higher net return was achieved with 8.0 t ha -1 rate, at a cost of US$ 17.04 t -1 (T6a). Contrary to some farmers' belief, the higher the manure cost, the greater the rate required to ensure a higher yield and, consequently, a higher profitability. Maize grown with only 4.5 t ha Higher manure rates generated greater variability since in favorable years the maize crop responded to higher soil nitrogen availability, resulting in an increase in the yield amplitude ( Figure 4 ).
Conclusions
High interannual variability was observed in the rainfed maize yield, for all fertilizer sources and rates used. The higher the nitrogen rate employed, the greater the variability.
Independent of the source of fertilizer used, the higher the nitrogen rate applied, the higher the average yield. A rate of 160 kg ha 
